Abstract China is now beginning its 13th five-year guideline. As the top CO 2 emitter, China has recently submitted the intended nationally determined contributions and made the commitment to start reducing its total carbon emissions in or before 2030. In this study, a bottom-up energy system model is built and applied to analyze the energy (mainly coal, oil, and gas) consumption and carbon emissions in China up to 2030. The results show that, the total energy consumption will reach a peak of 58.1 billion tonnes of standard coal and the CO 2 emissions will get to 105.8 billion tonnes. Moreover, in the mitigation scenario, proportion of natural gas consumption will increase by 7 % in 2020 and 10 % in 2030, respectively. In the transportation sector, gasoline and diesel consumption will gradually decrease, while the consumption of natural gas in 2030 will increase by 2.7 times compared to the reference scenario. Moreover, with the promotion of electric cars, the transport electricity consumption will increase 3.1 times in 2030 compared to the reference scenario. In order to fulfill the emission peaking target, efforts should be made from both the final demand sectors and oil and gas production industries, to help adjust the energy structure and ensure the oil and gas supply in future.
Introduction
With the targets of the 12th five-year plan being successfully fulfilled, China is now starting its 13th five-year plan. In April 2014, the National Development and Reform Commission of China claimed that it is crucial to correctly handle the relationship between the government and market, also scientific planning objectives should be set in the 13th five-year period. At present, China is facing pressures from both economy development and carbon mitigation. On one hand, China is experiencing a transition to the new normal economy. The economic growth is slowing down, with the GDP growth rate decreasing from 10.4 % in 2010 to 7.4 % in 2014. On the other hand, parallel challenges from carbon mitigation and environmental protection are emerging and drawing the attention of China's government. The emission of sulfur dioxide and carbon dioxide has been strictly controlled since last year, by multiple related regulations. In addition, recently in 2015, China has submitted the intended nationally determined contributions (INDCs), and made the commitment that by 2030, the carbon dioxide emissions per GDP should decrease by 60 %-65 % compared to the level of 2005; China's carbon dioxide emissions should reach a peak in or before 2030. The non-fossil fuel consumption should achieve 20 % of the total primary energy consumption (State Council of China 2015) .
According to the BP Statistical Review of World Energy (2015a), China is the world's largest energy consumer, with the total energy consumption of about 4.3 billion tonnes of coal equivalent, which accounts for about 23 % of the world's total energy consumption. Although coal consumption still accounts for an absolutely dominant proportion, about 66 % of the total energy consumption, oil consumption accounts for 17.5 %, and natural gas accounts for 5.6 % in 2014 (BP 2015a) . Plans aiming to adjust China's energy structure are already on schedule. The State Council of China has claimed that by 2020, natural gas consumption is planned to account for 10 % of the primary energy consumption, the proportion of non-fossil fuel consumption would be more than 15 %, and the proportion of coal consumption should be controlled to below 62 % (State Council of China 2014). To successfully achieve the goal, it is urgent to take effective actions to reduce carbon emissions, to fully explore the potential of natural gas and non-fossil energy, and to have clean energy sources as feasible alternatives.
Among all the final demand sectors, the transportation sector, covering road, air, railway, and waterways, is the main sector for oil consumption, responsible for 59 % of the total oil consumption in 2011. According to the prediction of the Organization for Economic Co-operation and Development (OECD) and International Energy Agency (IEA), the oil consumption of the transportation sector will continue to increase, with a predictable rise to 63 % of all oil demand by 2040. For developing countries, the proportion of oil consumption from transportation sector is around 65 % of all the sectors, as shown in Fig. 1 . Given the oil consumption for transportation sector, it can be found that less than 40 % of oil consumed in 2040 will be from the other sectors. The petrochemical and other industries account for approximately one-quarter of the total oil consumption in 2040. Residential and agricultural consumption, together with some consumption in the commercial sector, contributes only to 10 % of the total consumption. Thus, the transportation sector is the most critical final demand sector, when we are analyzing future oil and gas consumption in China. Besides, in China's road transport long-term planning, it is clearly claimed that the number of electric vehicles, as well as plug-in hybrid electric vehicles, should reach at least 5 million in 2020. Technological progress plays an important role in promoting the optimization of energy consumption structure, especially fuel standard upgrading and the improvement of natural gas consumption. Thus, in this paper, the effect of technological improvement on the energy consumption of the transportation sector is studied, according to the transportation long-term planning.
During the last decade, the traditional methods for predicting the final energy consumption, especially oil and gas consumption, mainly include time series, regression, econometric modeling, autoregressive integrated moving average model, and soft computing methods, such as fuzzy logic, genetic algorithm, and neural networks, are also being extensively used for final demand side management. In recent years, the support vector regression, ant colony, and particle swarm optimization have been new methods adopted for energy demand studies. Besides, bottom-up models such as MARKet ALlocation (MARKAL; energy technology systems analysis program, ETSAP 2013) and the Long-range Energy Alternatives Planning System (Stockholm Environment Institute, SEI 2013) are also being used at the national and regional levels for final energy demand analysis. There have been studies on the consumption of conventional energy in India, and one of them is carried out based on three time series models, namely the Grey-Markov model, the Grey model with a rolling mechanism, and singular spectrum analysis (Kumar and Jain 2010) . Besides, a logistic function is used to characterize the peak and ultimate production of global crude oil and petroleum-derived liquid fuels (Gallagher 2011) . Using a curve-fitting approach, a population-growth logistic function was applied to complete the cumulative production curve. An idealized Hubbert curve is defined as having properties of production data resulting from a constant growth rate under fixed resource limits. A bottom-up model can forecast future energy supply and demand, and analyze the impacts of the energy system on the environment, using various engineering technology models and by simulating the modes of energy consumption and production. The typical representatives of the bottom-up model are the MARKAL, EFOM, and the integrated MARKAL-EFOM system (TIMES; ETSAP 2013). Many studies have been undertaken in recent years to evaluate energy system planning, and these works offer good references for the possible future development pathways (Adams and Shachmurove 2008; Kypreos and Bahn 2003; Cox et al.1985; Lund 2010; Manne et al. 1995; Krewitt and Nitsch 2003; Bollen et al. 2009; Budzianowski 2012; Gillingham et al. 2008; da Graça Carvalho 2012; Messner and Schrattenholzer 2000; Klaassen and Riahi 2007; Klaassen et al. 2004; Nordhaus 1993; Paltsev et al. 2005; Tu et al. 2007; Rafaj and Kypreos 2007) . For example, the US Energy Information Administration (EIA) presents long-term annual projections of energy supply, demand, and prices through 2040 based on results from EIA's national energy modeling system (2015) . According to the BP Energy Outlook 2035 (2015b) and Joint IEA-IEF-OPEC report (OPEC 2015) , global demand for energy is expected to rise by 37 % from 2013 to 2035, with an average increase of 1.4 % per year. Demand for the world's natural gas will grow faster among the fossil fuels over the period up to 2035, with a rate of increase of 1.9 % per year, driven mainly by the high demand from Asia. Meanwhile, the IEA declares that the energy use worldwide is expected to grow by one-third to 2040 in their central scenario, and the change of China's energy demand is estimated to be over 900 million tonnes of oil equivalent by 2040, with a total energy demand of nearly 4000 million tonnes of oil equivalent worldwide. Moreover, the natural gas demand of Asia is claimed to increase by approximately 700 billion m 3 by 2040 (IEA 2015) . As well, the Grantham Institute for Climate Change at Imperial College London analyzed China's energy system based on the sector-specific and energy consumption bottom-up model for the transport, buildings, and industrial sectors based on the IIASA mix scenario and the IIASA HCB scenario (Gambhir et al. 2013) . Besides, studies about China's energy system optimization have been carried out based on enenrgy model analysis (Jiang et al. 2010; Yin and Chen 2013; Cai et al. 2008; Dai et al. 2011; Zhang et al. 2011; Zhou et al. 2013a,b; De Laquil et al. 2003; Chen et al. 2007) .
The paper mainly focuses on analysis of oil and gas consumption in future, the effect of road transport technology improvement on fuel consumption, and the optimization of China's energy system. Quantitative analysis has been carried out based on the China energy system planning and technology (China-ESPT) evaluation model. In Sect. 1, the background of the 13th five-year plan and the critical role of the transportation sector for oil and gas consumption are stated, with a literature study. In Sect. 2, the China-ESPT model is introduced for the structure, the main parameters, and the scenario design. Section 3 shows the main results based on scenario analysis, mainly focusing on the change of the energy system and the transportation sector. Section 4 concludes the analysis and further discusses relevant recommended policy.
Methodology
In this study, we introduce the China-ESPT evaluation model, an energy optimization model based on TIMES-VEDA (ETSAP 2013), and review a large amount of literature to quantitatively analyze and predict energy consumption up to 2030. Furthermore, the China-ESPT model is based on the reference energy system (RES) to describe the process of energy extraction, energy conversion, and energy distribution. Also RES is helpful for better describing the main characteristics, complex internal relations, and external constraints of the energy system. The model is driven by the future energy demand, considering the capacity of the related equipment, the characteristics of the future optional technology, and the constraints of the current and future energy supply. The model is based on the simulation of investment and operation, primary energy supply, and greenhouse gas emission reduction constraints. Scenario analysis is an important and widely used tool for the long-term simulation of energy and economic systems.
The objective function of this model is to minimize the total cost of the energy system while meeting the energy demand and constraints. The investment and dismantling costs are transformed into streams of annual payments, computed for each year of the horizon. Using China-ESPT, a total net present value (NPV) of the stream of annual costs is then computed, discounted to a user-selected reference year. The objective function of the model is listed in Eqs. (1)- (2):
NPVðz; rÞ ¼ X
where NPV is the net present value of the total cost for all regions, d r,y is the general discount rate, REFYR is the reference year for discounting, YEARS is the set of years for which there are costs, R is the set of regions in the area of study, COST(r, y) is the total annual cost in region r and year y, and SAL is the residual value of the assets. The total cost includes several elements: the capital costs incurred for investment, fixed and variable annual operation and maintenance costs, the fuel cost for domestic production and import, transport cost, tax and subsidies, revenues from export, and so on. The main constraints of the model mainly consist of the constraints of span-time capacity transfer, technical activities, flow balance, etc. First, the equation of capacity transfer balance is shown in Eq. (3): CAPTðr; t; pÞ ¼ X t n NCAP r; t n ; p ð ÞþRESIDðr; t; pÞ;
where CAPT(r, t, p) is the total installed capacity of technology p, in region r and period t, NCAP(r, t, p) stands for new capacity addition (investment) for technology p, in period t and region r, and RESID(r, t, p) is the (exogenously provided) capacity of technology p due to investments that are made prior to the initial model period and that still exists in region r, at time t. The total available capacity for each technology p, in region r, in period t (all vintages), is equal to the sum of investments made by the model in the past and current periods, and whose physical life has not yet ended, plus capacity in place prior to the modeling horizon that is still available. 
where ACT(r, v, t, p, s) is the activity level of technology p, in region r and period t (optionally vintage and time-slice s), FLOW(r, v, t, p, c, s) is the quantity of commodity c consumed or produced by process p, in region r and period t (optionally with vintage v and time-slice s), and ACTFLO(r, v, p, c) is a conversion factor (often equal to 1) from the activity of the process to the flow of a particular commodity. As shown in Eq. (2), the quantity of commodity c consumed or produced equals the activity level of technology p times a conversion factor. The equation of use of capacity is given in Eq. (5):
ACTðr; v; t; p; sÞ ¼ AFðr; v; t; p; sÞ Â CAPUNITðr; pÞ Â FRðr; sÞ Â CAPðr; v; t; pÞ; ð5Þ
where AF(r, v, t, p, s) is the availability factor, which serves to indicate the nature of the constraint as an inequality or equality. CAPUNIT(r, p) is the conversion factor between units of capacity and activity (often equal to 1, except for power plants). FR(r, s) parameter is equal to the duration of time-slice s, such as the proportion of daytime and nighttime. CAP(r, v, t, p) constraints mainly describe the relationship between the capacities of technology p with its activity level. For the energy system analysis, first, the production of oil and gas must meet the demand for energy in future, and the development of the future energy system needs to meet the requirements of the low-carbon development path. Second, from the point of view of the supply of oil and natural gas, there are many factors influencing the energy production, such as exploitation of China's energy reserves, import-export ratio, unconventional gas development, etc. In addition, two factors determining the energy supply curve, which are average production and transportation costs, should be taken into account. Third, it is significant to set different scenarios according to different energy plans.
The model (China-ESPT model) is based on full economy sectors, including resource supply, electricity generation sector, transportation sector, industry sector, building sector, and other sectors. The electricity generation sector in this paper mainly focuses on power generation technology, nuclear generation technology, and renewable-energy generation technology. Coal and gas power generation are the main constituents of the power generation technology. In this model, the coal generation includes the traditional subcritical generation technologies, circulating fluidized bed furnace, and supercritical and ultra-supercritical technologies. In addition, the integrated gasification combined cycle (IGCC) technology and cogeneration technologies are also considered.
The improvement of gas power generation technology is mainly based on gas-boiler and gas-steam combined cycle units. The gas-based power generation technologies are of higher efficiency and more environmental friendly than coalbased power generation technologies. The investment cost of gas boiler and combined cycle is much lower than that of the coal-fired generation unit. The cost of a gas boiler plant is around 1350-1780 RMB/kW, and the investment cost of natural gas-fired combined cycles (NGCCs) is around 3700-4230 RMB/kW on average, which is far below the cost of coal-fired units. Besides, the power generation based on biomass sources mainly includes biomass direct combustion power generation and biomass gasification power generation technology. The average efficiency and cost of power generation technologies are summarized in Table 1 .
As the main oil product consumption sector, and also the main end-use sector of oil and gas products, the transportation sector is further studied in this paper. For the transportation sector, the final demand is related to the passenger or freight task and the fuel efficiency of vehicles.
In the model structure, the output is calculated in Eqs. (6) and (8), with the total demand of the transportation sector shown in Eqs. (7) and (9): According to different transport modes m, the transport sector includes passenger transport and freight transport, further divided into road transport, railway transport, water transport, air transport, and other transport. The road transport includes two-and three-wheeled small vehicles, ordinary vehicles, buses, trucks, and other transport modes. Furthermore, in this model, the road transportation technologies are defined referring to both different fuel consumption and the national emission standards. The main modes and technologies of transportation sector are listed in Table 2 .
On the premise of meeting energy demands, the China-ESPT model aims at system cost optimization, the future development of oil and gas, as well as the proportion changes of application in some typical terminal sectors. The main economic assumptions for the model are shown in Table 3 .
3 Results and analysis 3.1 Energy consumption and effect of key policies in the mitigation scenario
First of all, we set the mitigation scenario referring to the objectives of the ''Thirteenth Five-Year Plan,'' including total targets and branch targets, and the long-term development plan for different sectors. The main constraints include the following: (1) the CO 2 emission intensity per GDP in 2020 should decrease 40 %-45 % compared to the year 2005; (2) the proportion of the non-fossil energy accounted in primary energy consumption should rise to 15 %; (3) according to the latest submitted INDC, the carbon dioxide emissions per GDP should decrease by 60 %-65 % and also start to decrease in 2030. Based on the above targets, we compare carbon dioxide emission reduction between the reference scenario and the mitigation scenario as shown in Table 5 . In the mitigation scenario, carbon dioxide emissions will peak in 2030 and then decrease to achieve a significant reduction in total emission. Compared to the reference scenario, the total reduction of carbon dioxide emissions will reach 13 million tonnes, which is a decrease from 118.8 million tonnes of emissions for the reference scenario to 105.8 million tonnes, with an average decrease rate of around 2.4 %. The average annual growth rate of carbon emissions before 2030 is about 1.5 %, which is 0.6 % lower than the reference scenario (Table 4) The main primary energy consumption is shown in Figs. 2 and 3 which show that China's total energy consumption will reach 4.95 billion tonnes of standard coal and 5.81 billion tonnes of standard coal, respectively, in 2020 and 2030.
In Fig. 3 , the primary energy consumption structure of the mitigation scenario is compared with that of the reference scenario. After 2020, the coal-dominant energy structure in the process of electric power production and industry sectors will be improved gradually, but the consumption of fossil fuels will still account for a significant proportion. The oil consumption accounts for about 23 % in 2020 and about 25 % in 2030, on average 3 % lower than that in the reference scenario. Non-fossil energy accounts for more than 15 % after 2015 and will reach more than 20 % in 2030.
As a relatively clean energy, the future consumption of natural gas will significantly increase. It is estimated that the gas consumption will grow up to 304.4 billion m 3 by 2020, and increase to 483.3 billion m 3 by 2030, due to the structural adjustment of the power generation sector and industry sector. In the mitigation scenario, the proportion of natural gas will increase to 7 % in 2020 and to 10 % in 2030. However, the growth rate of the use of natural gas will slow down after 2030. The main reasons include the following: first, the amount of China's natural gas imports continues to increase, while the growth rate is slowing down; second, the new pipelines being put into operation are limited by the resources and efficiency; third, the use of gas in some industries is especially sensitive to the fluctuation of gas prices; last but not least, the energy demand increase is also gradually slowing down. In order to analyze the effect of key policies, we take the power generation sector as an example. In the power generation sector, several technology options are adopted in the mitigation scenario. Firstly, the cleaner use of fossil fuels will be promoted. All the newly installed coal-based power plants after 2020 will be supercritical, ultra-supercritical, or IGCC power generation technologies. Natural gas power generation technologies should be applied in an appropriate place and act as an important back-up technology for intermittent generation technologies. About 90 % of coal power plants and 80 % of natural gas power plants will be equipped with carbon capture and storage facilities. Secondly, the renewable power generation technologies will become more cost competitive in the future and enjoy a rapid growth. The generation cost of wind power and solar photovoltaic technologies will decrease gradually and will be lower than that of fossil fuel power generation technologies in the future. The biomass power generation will not see an apparent growth after 2020 due to limited resources. Next, the nuclear power will see a large increase and all new nuclear plants should be built in accordance with the third-generation standard. The most important measure for the carbon emission reduction will be the extension of the use of natural gas, renewable, and nuclear energy, replacing a large amount of coal-fired power generation. Also, the high-percentage combination of carbon capture facilities with coal-fired and gas-fired power generation units also has an effect on the carbon mitigation. The electricity generation and structure are shown in Fig. 4 . First, due to energy conservation measures in the final demand sectors, the total electricity needed for the final demand in 2030 is about 8692 TWh, which is 2.17 times of that in 2010, and a 6.78 % reduction compared to the reference scenario in 2030. Second, for the structure of electricity production, the proportion of power generated by fossil energy will reach to 45 % in 2030, with a 31 % reduction compared to that in 2010, and a 10 % reduction compared with the reference scenario in 2030. Third, although the total power generation ratio is decreasing, the relevant clean gas-fired power generation shows an increasing trend. Gas-fired power generation will reach 6 % in 2020 and continue to increase to 7 % in 2030 in the mitigation scenario, compared to 2 % in 2010, 4 % in 2020, and 6 % in 2030 of the reference scenario.
Impact of technological improvement on the transport sector
According to the model, the main fuel consumption of the transportation sector is still oil products. The consumption of gasoline and diesel accounts for 74 % of the total fuel consumption in 2030, decreasing from 79 % in 2010. The total fuel consumption of transport sector will increase to 397 million tonnes of standard coal in 2030, while it is 272 million tonnes in 2010. Based on the increase of electric vehicles and hybrid electric vehicle, which is estimated to reach 5 million in 2020, and the improvement of fuel economy, the change of main oil products consumption in the transport sector is studied using the model. Also, the contribution of different transport modes to passenger and freight service is calculated with the model. At the same time, the model takes into consideration the full life cycle of the main transport mode of China. The average life expectancy of the vehicles is 16.5 years, while a truck's average life expectancy is 11 and that of a train is 19. In addition, the annual inventories of vehicles must meet the demand for passenger and freight service, which can be proved by the average carrying rate and annual average driving distance of all transport modes.
Apart from the common hybrid technology, pure electric vehicles, plug-in hybrid vehicles, and fuel-cell vehicles are also considered. Due to the limitations of technical maturity, costs, infrastructure, and other factors, the future development of these technologies is full of uncertainty. From the perspective of technology costs, the model assumes that the annual costs of conventional vehicles will remain constant during the calculation period, and costs of hybrid electric vehicles will annually reduce by 2.5 % on average, while costs of electric vehicles and fuel-cell vehicles will reduce by 4.5 %.
First, for the road transportation, this paper mainly considers three different modes, namely light-duty vehicles (LDVs), public transportation for passengers (mainly buses), and freight transportation (which is mainly by truck). In the reference scenario, when focusing on road transportation, the main vehicle stocks are shown in Fig. 5 . Among the private cars, gasoline cars are still the dominant vehicles with 58.1 million vehicles in 2010 and will increase to 311.7 million vehicles in 2030. The gas-fuel vehicles also will increase from 0.19 million in 2010 to 24.5 million in 2030. The electric vehicles in the reference scenario will increase to 3.5 million in 2030, while it is 5.1 million in the technological improvement scenario. For the public buses, generally, the gasoline buses account for the dominant proportion and will increase from 0.67 million in 2020 and to 1.35 million in 2030. The expansion of gas buses and electric buses in recent years cannot be ignored, and the number will increase to 253,000 and 70,000, respectively, in 2030 according to the current policies. The trucks are mainly diesel based, with the diesel trucks increased from 13.6 million in 2010 to 27.1 million in 2030, while the proportion of diesel is decreasing from 90.3 % in 2010 to 70.9 % in 2030. At the same time, the number of gas trucks will increase to 1.30 million with the proportion of 3.7 % in 2030. When focusing on different modes of road transport, besides the vehicle stocks, the contribution of different vehicles to the road passenger turnover task or freight turnover task is much more important when analyzing the final demand of the transportation sector. In the technological improvement scenario, the fuel efficiency is supposed to improve according to the China national standard, and the electric vehicles stock is encouraged to be more than 5 million with China national subsidy policies. Besides, the elimination of old vehicles and the technological improvement of new vehicles according to their life expectancy are also considered.
For LDVs, the main technology structure and the share rate of passenger transport of the passenger car are shown in Fig. 6 . It can be seen that the proportion of the hybrid vehicles takes second place (gasoline car takes first place), with the contribution to the passenger service being about 17.3 % in 2020, and further expanding to 18.9 % in 2030. On the other hand, the electric vehicles and fuel-cell vehicles only account for 2.1 % in 2020 for the reference scenario and 4.3 % for the technological improvement scenario.
From the point of view of road passenger transport (mainly buses), the main technologies used and the contribution of different fuel-based buses are shown in Fig. 7 . The main fuels of road passenger transport include diesel and gasoline. The proportion of buses based on natural gas is gradually increasing as the technology improves, accounting for approximately 8.7 % in 2020 and further increasing to 11.2 % in 2030. In addition, the proportion of electric buses is also gradually growing, reaching 3.5 % in 2020 and further rising to 4.6 % in 2030.
For the road freight transport, the main technologies and the contribution of various trucks to freight transport are shown in Fig. 8 . The road freight mode is divided into mini trucks, small trucks, medium trucks, and heavy trucks, and the main fuel consumed is diesel, especially for the medium truck transportation. Also gasoline cars account for a small proportion. In the technological improvement scenario, the contribution of gasoline trucks to freight transport will be more than 5.5 % in 2020 and over 11.7 % in 2030. The total energy consumption of transport sector is shown in Fig. 9 . The growth rate of the total energy consumption in the reference scenario is gradually slowing down due to improvement of fuel economy. The proportion of compressed natural gas, liquefied petroleum gas, and fuel ethanol will increase to 5.1 % in 2030. Overall, although the proportion of oil fuel will decrease, it is still the main component of future energy consumption in the transportation sector, with large requirements for the future oil supply of China.
As shown in Table 5 , the calculation results of China-ESPT are consistent with other models, like MESSAGE V.4 (IIASA 2013) and IMAGE 2.4 (PBL 2010). The total energy consumed by freight transport is about 55.7 % of the total energy consumption, and passenger transport accounts for 44.3 % of the total energy consumption. In addition, passenger vehicles account for 26.9 % of all modes of passenger transport, with an energy consumption of approximately 1/4 of total energy consumption.
As shown in Fig. 10 , in the technological improvement scenario, the total fuel consumption of the transportation sector will reduce by about 7.9 % in 2020, in which the consumption of diesel, gasoline, and fuel oil will reduce by 10.4 % compared to the reference scenario. In addition, it is estimated that the total fuel consumption will decline by 12.3 % in 2030, and diesel, gasoline, and fuel oil will, respectively, decrease by 19.1 %, 15.4 %, and 10.2 %. Moreover, in terms of fuel substitution, the consumption of natural gas will increase 1.8 times that of the reference scenario in 2020, and 2.7 times that of the reference scenario in 2030 as a result of technology improvement. Because of the increase of electric vehicles and fuel-cell vehicles, electricity consumption in transport will be 2.5 times and 3.1 times that of the reference scenario, respectively, in 2020 and 2030.
Discussion
According to the model analysis, in the mitigation scenario, the primary energy consumption will reach 4.95 billion tonnes of standard coal in 2020 and 5.81 billion tonnes in 2030, with CO 2 emissions limits of 105 tonnes in 2030. The consumption of fossil energy will still occupy a significant proportion. In the mitigation scenario, non-fossil energy consumption will reach more than 15 % in 2020 and more than 20 % in 2030.
The consumption of natural gas will significantly increase to 304.4 billion m 3 in 2020 and 483.3 billion m 3 in 2030. This is mainly due to an increase in final energy demand, especially in industry sector and transportation sector. Besides, China has launched a plan to control the total amount of coal consumption to ensure that carbon emissions will peak around 2030. The gas resource is cleaner than coal, and less expensive than renewables, thus has large development space. In addition, the development of nature gas is highly encouraged by the government. The oil consumption will keep increasing, but with the rate of increase decreasing. The main reason is the driving of the increasing demands from transportation sector. Thus, in this paper the transportation sector is further studied.
As a main consumer of oil products, the transportation sector is studied based on the reference scenario and technology improvement scenario. The design of the scenario mainly considers the fuel economy updates and technological improvement of hybrid cars, electric vehicles, and fuel-cell car. This paper analyzes changes in fuel, oil, and natural gas consumption, as well as changes in contributions of all types of vehicles to future passenger and freight service. Because of the technical maturity, technical cost, and infrastructure, the future development of these technologies has some uncertainty. In this study, we can predict the contribution rate of different types of vehicles to passenger and freight service, by assuming the service life of the vehicle, average carrying rate, annual distance, and changes in costs. The total energy consumption of the transportation sector is also analyzed.
Focusing on the oil and gas consumption, the consumption of diesel, gasoline, and fuel oil of the technology improvement scenario will reduce by 10.4 % compared to reference scenario. In addition, it is estimated that the total fuel consumption will decline by 12.3 % in 2030. The diesel, gasoline, and fuel oil will, respectively, decrease by 19.1 %, 15.4 %, and 10.2 %. In terms of fuel substitution, the consumption of natural gas will increase 1.8 times that of the reference scenario in 2020, and 2.7 times that of the reference scenario in 2030 due to technological improvement. With the increase of hybrid electric vehicles, electric vehicles, and fuel-cell vehicles, the transport electricity consumption in 2020 will increase 2.5 times that of the reference scenario, and 3.1 times that of the reference scenario in 2030. According to the consumption of oil and gas in the transportation sector, on one hand, the consumption of refined oil is still the main component of the transportation sector. It is important to improve the fuel economy, under the premise of ensuring oil supply and energy security. Moreover, the development of electric vehicles, plug-in hybrid vehicles, and fuel-cell vehicles can effectively promote the achievement of goals due to energy structure adjustment and carbon dioxide emission reduction, and it is important to push forward the upgrading of oil standards and natural gas consumption.
Based on the results above, the oil and gas industry should also strengthen the implementation of relevant policies to achieve the target of peaking carbon emissions in 2030. First, it is important to promote the update of oil quality, especially the emission standard. Up to now, China's diesel product can achieve the national III standard and the gasoline product would be able to achieve national V standard. Second, it is necessary to ensure the clean energy, especially the natural gas supply. Based on the analysis, compared to the reference scenario, the proportion of natural gas consumption will increase by 7 % in 2020 and 10 % in 2030. Besides intensifying the domestic natural gas exploration, the importation of natural gas from Kazakhstan and Burma should also be encouraged, under the premise of ensuring energy security. Moreover, encouraging fuel substitution in transportation sector will help adjust the energy consumption structure. The promotion of electric or hybrid vehicles and natural gas buses will definitely improve the energy structure of the transportation sector, with an increase of electricity consumption by 3.1 times in 2030 compared to reference scenario. Thus, efforts should be made from both oil and gas supply industry and final demand sectors, to fulfill the emission peaking target in 2030.
Conclusions
In the present study, the energy consumption during the period of the ''Thirteenth Five-Year Plan'' and by 2030 was analyzed based on the developed bottom-up energy model. Three important constraints were considered in the analysis: (i) total CO 2 emissions will reach a peak value by 2030 as presented in INDC; (ii) CO 2 emission per GDP in 2020 should decrease 40 %-45 % from those in 2005; and (iii) the proportion of non-fossil energy in total energy consumption should reach 15 %. China's total carbon dioxide emission reductions and energy (mainly coal, oil, and gas) consumptions were calculated and analyzed subject to the constraints. Especially, the scenario analysis of oil and gas consumptions in transportation sector was conducted, and the importation roles of oil and gas were emphasized. Finally, in Sect. 4, the analysis results were reviewed and the improvement of fuel economy, quality of oil product, and fuel substitution in transportation sector were analyzed and discussed.
